Abstract -Corrosion and wear has been a major challenge in most of our industries. Cold Metal Transfer (CMT) process has been selected as a weld technique in most manufacturing industries, because of its low heat inputs that makes it a promising method for manufacturing application. The aim of this paper is to study the competence of CMT welding process in cladding of mild steel. Furthermore, fault tree analysis was performed for hot cracking that can probably be experienced during cladding.
I. INTRODUCTION
The combined effects of wear and corrosion and their different forms is estimated to cost $2.1 trillion annually worldwide for early replacement, lost production, poor performance and damage [1] [2] [3] . Close to one third of these costs can be avoided by extensive application of wear and corrosion resistant materials. Because wear and corrosion are surface related issue, surface engineering is very important when combating such issue. Moreover, overlaying welding is a group of coating methods that is used to manufacture fusion bonded thick metallic and metal matrix composites (MMC) on metallic substrates that involves different degree of deposition rate, coating thickness, dilution and heat input. However, demands for more material, energy and cost effective overlay welding processes has boost the demand for processes that can produce low dilution and fusion bonded single layer coatings.
The market call for cladding/overlaying will probable rise from $3.8billion to $7.8 billion within the next 3 years [1] . This is due to increasing popularity of remanufacturing and also demand to replaced expensive bulk material with coated structure and operating conditions that are needed in many applications. For example, there is increasing demand for increasing productivity in mining and crushing operation that yield more wear resistant materials. Secondly, mineral, oil and gas deposit needed to be dig/drilled from deeper water and ground.
Laser cladding with coaxial powder feeding has been the only industrial method to produce low dilution and fusion bonded single layer coatings. Additive manufacturing/welding has increased its potential in the last three years, implies addition of extra material on each other to achieve it desire aim. The major advantage of additive manufacturing is to lower carbon footprint due to material saving and manufacturing techniques [1] . Though, an advanced metal arc welding are processes with new possibilities to manufacture low diluted single layer coating and near net 3D component with good accuracy, high productivity and low heat inputs are increasing.
Cold metal transfer (CMT) process is a highlydeveloped version of Metal Inert Gas/ Metal Arc Gas (MIG/MAG) welding process with a precise process control and low heat input to the base material. It is a revolutionary welding techniques. CMT is not only entirely new process but also allow application that are yet completely unexplored. The limit of the use of GMAW can finally be completely faded away, letting a window of use that is too unlikely to date. Although the evolution of Gas Metal Arc welding (GMAW) technology is more important for automation and control of welding [4, 5] . Fronius [6] revolutionary arc welding was introduced, a new arc welding identified as CMT. CMT refers to GMAW process with the main difference being the heat input in comparison to the characteristic and well known short arc process. The major benefit of this new process is the opportunity of concurrent dip transfer and pulse arc welding and heat input lower than the traditional MIG/MAG welding [6] . The special motion system for controlling the wire speed is assimilated into waveform control and, assist in controlling the molten metal detachment and arc length. However, in fronius [6] , it explain that as the arc plasma is developed the filler moves towards the weld pool until the wire touches the weld pool and short circuit takes place. Thereafter, the current becomes lower and the electrode is retracted enhancing the droplet detachment. The most recent application of this new process is joining of aluminum alloy with steel and a new range of application is possible with this new process [7, 8] .
This paper is to investigate the use of CMTCladding in producing wear and corrosion resistant coatings. The goal is to study and investigate this relatively cost effective process in overlay welding and to optimize the operating parameters of the cladding to a certain base and filler wire materials.
II. ADDITIVE MANUFACTURE
Additive manufacture is a knowhow that has promised to minimize the overall cost of manufacturing process by minimizing the waste of the material as well as time to market. However, additive manufacturing can also [9] . The main business driver for the adoption of this method is freedom of design, customization and probably minimized time to market [10] . The advantage due to waste reduction is already limited because the mass of the component is already low to begin with. Whilst the essence of topological optimization of certain component is necessary, there is certain reduction for the material waste of certain component for the following reasons. Firstly, increasing usage of carbon fiber with reinforced polymer, aircraft designers were forced to move from the usage of aluminum to titanium, aluminum being electrochemically incompatible with carbon [11] . Secondly, the current expansion rate of aircraft market increases the demand for titanium parts accordingly [12] . Thirdly, titanium parts are expensive material to source for and machined [13] . Therefore, in the aerospace industry there is a huge need for developing a process, which could potentially replace the present techniques of manufacturing large assemblies (e.g. stiffened panels, wing ribs and cruciform, etc.).
In contrast, the use of light materials has become necessary because of the need to reduce environmental pollution. The used of these light materials are mostly used in automobile industries [4, [14] [15] [16] . Because aluminum alloys are light and can be recycle, new cars produced from aluminum are in speedy development and some product are already in the market. Though the welding of thin Aluminum is the key problem that facilitate the use of Aluminum and guaranty the property of the car made from aluminum alloy. Conventional MIG welding method is commonly used in joining of thin aluminum but the lack of control over burning through discourage its application in this field.
Short circuiting method is a suitable method in joining of thin aluminum because of its low heat input characteristics [17] . However, its excessive spatter during welding also gives manufacturers big challenge. This brought about the development of CMT welding technology owing to the no-spatter welding process and low thermal input. Hence, Fronius CMT is a modified MIG variant, that relies on controlled dip arc transfer mode mechanism, that is thought to deliver beads with very good quality, low thermal heat input and nearly without spatter [18] . Moreover, it meets this expectation when depositing materials such as aluminum and steel, unfortunately, this process is affected by arc wandering in titanium, which result in surface roughness [19] . However, tungsten inert gas and plasma arc welding is currently used for welding titanium deposits. This process depend on external wire feed for continuous deposition, the wire must be fed always from the same direction that requires rotation of the torch thus complicating robot programming [20] . Additively manufactured aluminum is affected by porosity but it has been shown that using good quality welding wires and a certain synergic operating modes, porosity can probably be reduced significantly [21] . Fronius CMT in its pulsed advanced mode is of great benefit, due to its fine equiaxed grains, low heat input, and effective oxide cleaning of the wire [21] . Apart from titanium and aluminum; steel, invar, brass, copper and nickel have been deposited successfully. With respect to each material, the focus is on assuring mechanical properties and eliminating defects such as porosity. Residual stress is another major challenge in additive manufacturing. In general, the substantial heat related with arc source causes high residual stress that are manifested to distortion when the component is unclamped. Residual stress is associated with cooling and is large along the area of deposition [22] .
III. THE USE OF CMT PROCESS IN CLADDING
Over the years, CMT process has been applied for cladding of Ni -base super alloys and Al alloys. However, depending on the process parameters and the materials in question, CMT reaches a maximum deposition rate up to 5.5-6 kg/h with single wire unit. This value is comparable to some similar overlay cladding method. Lorenzin and Rutili [23] mentioned that the dilution and penetration of the process can probably be controlled by changing the synergic line and adjusting the correction parameters.
Thereafter, Lorenzin and Rutili [23] performed an experiment using Inconel 625 alloy (1.2 mm diameter wire) surface facing on sections of carbon -manganese steel sheeting that is commonly used in structural applications. The CMT pulse, classic pulsed arc and CMT Arc welding processes were used. They used weld speed of 250mm/min, 10mm oscillation movement, argon as the protective gas and a stickout of 20mm. However, it was concluded that all the test produce solid, defect free coatings. From all the test (that is label as test 1-3) they concluded that pure CMT produced the less diluted coating which implies the lowest presence of iron derived from dilution. Test 3 which is pure CMT, is the most promising high deposition rate of 5.6kg/h and mean facing height of 4.2mm and the maximum iron content reach a depth of 2.5mm is equal to 2.7%. Moreover, Inconel 625 wire has iron content of 1-1.7%, meaning that by dilution, the facing process has contributed to the surface more than 1% to the surface that is advantageous. In contrast, the Purse -Arc (Non CMT) method had an iron content of 13-14%. Increasing dilution seems to affects the chemical composition of the coating and having a negative effect on the hardness value, corrosion and wear properties. Low dilution implies a low heat input that is beneficial to the possible change in the microstructure and geometrical distortion.
Additionally, Ola and Doern [24] studied the repair CMT-cladding of Inconel 718 super alloy with a 0.89mm Inconel 718 wire. The microstructural characteristic and the geometry of the clad was investigated. They used Argon as the shielding gas, a contact tip-to-work piece with different push angles, welding speed and wire feed rate. The CMT process was found suitable for the repair of Inconel because of defect and crack free clads were obtained with low dilution. Secondly, calculation of heat input for different welding wire feed speed used. As can be seen from Figure 1 a linear relationship between the heat input and the wire feed speed was obtained. Further calculations and statistical analysis was implemented to develop a regression models. This model proves to be probably accurate in predicting the width, depth and weld metal dilution ratio of the clads. It helps in optimizing the welding process parameters. Finally, it was concluded that a contact angle of the weld bead greater than 115 o assist for the overlapping of welding bead when adding a multiple successive pass. Figure 1 . A plot of heat input Q versus wire feed speed, adapted from Ola and Doern [24] .
In addition, Pickin, et al. [25] study the use of CMT in low dilution cladding of Al alloy 2024 with Al-2139 filler wire. This particle alloy has the tendency of solidification cracking, CMT could identify this challenge and provide solution. However, they were able to control dilution quite well comparable to pulsed MIG welding normally used in this application. Additionally, Rajeev, et al. [26] carried out a test on commercially pure 3mm thick Aluminium plate that was cladded with an Al-Si-Mn filler. They observed a low dilution and pore free coatings with significant increased hardness compared to bulk material. They used Argon gas as the shielding gas and the process was carried out with different weld speed to study the effect on weld dilution, geometry and characteristics. They probably concluded CMT to be okay, with low energy process for weld repair of aluminum alloy components and produced a thick coating even with a single pass. However, Rozmus-Górnikowska, et al. [27] look at coating of ferritic -perlitic steel substrate coating with Inconel 625. The requirement for Nickel base coating is an iron content below 5wt%. The Inconel 625 filler material has an iron content of about 0.3wt%, and the applied coating has an iron content of 2-3% which shows a low dilution, the coating is also defect free. Zhang, et al. [28] studied the effect of welding speed on microstructures on AZ31 magnesium alloy clad. AL-4043 synergic program was used. The base material and the filler material were of the same nominal composition. They discovered that a welding speed of 10-12mm/s produced the best quality coating because of the effects of welding speed on cooling rates and heat input values. It implies that higher cooling rate gives precipitate less time to nucleate and grows that lead to less precipitate. Higher heat input result in narrower HAZ area.
Additionally, Dutra, et al. [29] studied Inconel 625 coatings that was cladded by MIG/MAG pulsed + DC, Pulsed AC and CMT process with steel plate as the substrate material using 45 o welding position. The coating process was carried out starting from the bottom and moving upward. A weaving motion was used and the wire electrode (1.0mm in diameter) was used for each process. However, Pulsed +DC gives the highest average power, 4127W, and the dilution was at 28%. Moreover, the CMT process which is the coldest process has a dilution of 3% that is low and fusion might not be adequate. The AC-version had a dilution of 8% and this result was the best in terms of runoff and quality of coating. Probably the welding power of CMT was not high enough to produce a good quality cladding, the weld beads remained quite narrow and not enough wettability.
Lastly, Liang, et al. [30] studied CMT/TIG hybrid cladding of 6061 aluminum alloy. This hybrid process was carried out in such a way that the arcs are not interacting with each other. Both torch was perpendicular to the weldment and the TIG-torch was clamped in front of the CMT-torch to the welding direction. It was observed that the addition of TIG promote the wettability of the molten metal and contribute multi -passes and cladding of aluminum alloy. TIG plays an important role in preheating of the base material which have a great influence on the contact angle and dilution of the weld bead by increasing the value of both. The CMT welding process has its own application limitation as with any other welding process. The upper limit of application of CMT are close to the short arc process which implies that the start of arc transition zone (globular zone). Thus, the short arc process no longer exists for higher currents meaning the CMT can't be used. The lower limit of application of the process is lower than the short arc process, this gives the GMWA a wider window of application. Table I illustrates the major advantages and disadvantages of CMT process or conventional welding process. FTA is a deductive technique in which we start with some specified system failures or accident. At the moment, FTA is the most commonly used techniques for risk and reliability studies. The system failure or accident is called the top event of the fault tree. The immediate casual event A1, A2, …. that, either alone or combination may lead to the top event, that are connected by means of logic gate. Next, identifying all potential casual evens Ai, 1, Ai,2…. that may lead to event Ai for i = 1,2… However, this procedure is drive deductively (i.e., backward in the casual chain) until we reach suitable level of detail. The basic event are the events on the lowest level of the fault tree. Figure 2 . FTA for hot cracking Fault tree analysis was performed for hot cracking that can probably be experienced during cladding. Qualitative fault tree analysis was performed, the unavailability of failure data was one of the challenges that prevented carrying out a quantitative analysis, which is probably more precise. This work discusses the CMT process as a highly developed version of Metal Inert Gas/ Metal Arc Gas (MIG/MAG) arc welding process with a precise process control and low heat input to the base material. In addition, the paper also investigates the major pros and cons of overlay welding, which are the protection of the material surface properties that includes e.g. resistance to wear, hardness, erosion, corrosion etc. In general, this paper contributes to a better understanding of CMT process and its application in laser cladding, additive manufacturing, etc. Our conclusion is that the use of CMT in cladding and arc welding process can be regarded as a revolutionary of welding techniques, inclusive of welding techniques and its application. However, CMT is not only completely new process but also allow application that are as yet completely unexplored.
